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Description
FIELD OF THE DISCLOSURE

[0001] The present disclosure relates generally to wireless communications and more particularly to relay operations
in wireless communication systems.

BACKGROUND

[0002] In Wireless Communications networks, for example, in Third Generation Partnership Project Long Term Evo-
lution Advanced (3GPP LTE-Advanced), there is a need to develop solutions that can provide better user experience
while reducing the cost of infrastructure. Deployment of relay nodes is one such method wherein the base station (or
eNB) communicates with a user equipment (UE) with the help of an intermediate relay node (RN), for example, when
the distance between eNB and UE exceeds the radio transmission range of the nodes, or a physical barrier or radio
frequency (RF) obstruction is present between the eNB and UE to degrade the channel quality. Generally, there can be
more than one RN communicating data between an eNB and UE. In such situations, each intermediate node routes
packets, e.g., data and control information, to the next node along the route, until the packets reach their final destination.
[0003] Networks implementing single hop links between an eNB and a UE can severely stress link budgets at the cell
boundaries and often render the users at the cell edge incapable of communicating or using higher data rates. Pockets
of poor-coverage areas or coverage holes are created where communication becomes increasing difficult. This in turn
brings down the overall system capacity as well as induces user service dissatisfaction. While such coverage voids can
be avoided by deploying additional eNBs this significantly increases both the capital expenditure (CAPEX) and operational
expenditure (OPEX) for the network deployment. A more cost effective solution is to deploy relay nodes (RNs) (also
known as relays or repeaters) in areas with poor coverage and repeat transmissions so that subscribers in these coverage
areas can be served better.

[0004] Even with the deployment of relays within a network, there remain some mechanisms that can further reduce
costs. Typically, the RN not only provides an access link for delivering traffic to and from the UEs but it also routes this
traffic (wirelessly) through the donor eNB and, hence, also supports a backhaul link. The RN thus uses the same resources
(e.g., frequency, time, spatial, spreading codes, etc.) as a typical UE being served by the eNB. At the same time, the
RN is expected to act as an infrastructure entity to serve another set of users (hereby referred to as UE2). A RN that
shares the same resources as a UE is referred to an in-band RN while an out-of-band RN does not share resources
with a UE.

[0005] In arelay node based upon the 3GPP Universal Mobile Telecommunications System (UMTS) LTE Release 8
(Rel-8) wireless communication system, the RN in time division duplex (TDD) mode is required to enable up to four links;
two backhaul links (eNB to relay, relay to eNB) and two access links (relay to UE, UE to relay). To reduce complexity
and interference, it is preferable for the relay to not be simultaneously (or concurrently) transmitting and receiving in the
same frequency band. Thus, for instance, the relay cannot transmit to the eNB and receive from the UE concurrently
and hence the eNB to relay and the relay to UE links must be time-multiplexed with a sufficient switching gap provided
at the relay node. Furthermore, the relay design should be backward-compatible.

[0006] The RN can signal a Multimedia Broadcast multicast service Single Frequency Network (MBSFN) sub-frame
in the downlink to a UE served by the RN to inform the UE that it does not receive downlink data transmissions, e.g.,
via the Physical Downlink Shared Channel (PDSCH), of the MBSFN sub-frame. The UE served by the RN also does
not monitor reference symbols (e.g., for CQI or handoff measurements) outside of the control region of the MBSFN sub-
frame transmitted to the UE. Thus, the RN can communicate with the eNB in the time-interval corresponding to the
portion of the MBSFN when the UE is not expecting data from the RN. Furthermore, in a Time-Division Duplex (TDD)
system, the relay and eNB may have different UL/DL configurations, wherein each configuration specifies a split of the
resources (time resources) as downlink or uplink. Thus, there are several problems for designing the access/backhaul
design depending on the configuration. For example, if there are no sub-frames that can be labeled as MBSFN for a
configuration, then it may be difficult to design an eNB to RN link. Similarly, if both eNB and RN are in the uplink mode,
then it is difficult to schedule the RN to do uplink transmission as it might lead to a loss of the acknowledgements from
the UE transmitting to the relay. Furthermore, if two different configurations are used in the eNB (say uplink) and RN
(downlink), then the RN DL control region can potentially interfere with the uplink transmission from UEs that are trans-
mitting to the eNB. Therefore, there is a need to address the problem of interference as well as backhaul design for relay
operating in TDD mode.

[0007] The invention relates to a relay node according to claim 1. The various aspects, features and advantages of
the invention will become more fully apparent to those having ordinary skill in the art upon a careful consideration of the
following Detailed Description thereof with the accompanying drawings described below. The drawings may have been
simplified for clarity and are not necessarily drawn to scale.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0008] FIG. 1 illustrates a wireless communication system.

[0009] FIG. 2 illustrates links between a relay node (RN), a base station (eNB) and a user terminal (UE).

[0010] FIG. 3 illustrates a prior art radio frame and special sub-frame.

[0011] FIG. 4 illustrates a schematic block diagram of a relay node.

[0012] FIG. 5 illustrates a process diagram for communications between the RN, UE and eNB.

[0013] FIG. 6 illustrates a special sub-frame configuration enabling the RN to receive from the eNB during a UE guard
period.

[0014] FIG. 7 illustrates a special sub-frame configuration enabling the RN to transmit to the eNB during a UE guard
period.

[0015] FIG. 8 illustrates a special sub-frame configuration enabling the RN to transmit to the eNB during a UE guard
period.

[0016] FIG. 9 illustrates a special sub-frame configuration enabling the RN to transmit to and receive from the eNB
during a UE guard period.

DETAILED DESCRIPTION

[0017] In FIG. 1, a wireless communication system 100 comprises a network of fixed base infrastructure units, for
example, base units 110 and 112 distributed over a geographical region. A base unit may also be referred to as an
access point, access terminal, base, base station, Node-B, eNode-B (eNB), Home Node-B, relay node, or by other
terminology used inthe art. The one or more base units each comprise one or more transmitters for downlink transmissions
and one or more receivers for uplink transmissions. The base units are generally part of a radio access network that
includes one or more controllers communicably coupled to one or more corresponding base units. The access network
is generally communicably coupled to one or more core networks, which may be coupled to other networks, like the
Internet and public switched telephone networks, among other networks. These and other elements of access and core
networks are not illustrated but they are well known generally by those having ordinary skill in the art.

[0018] In one implementation, the wireless communication system is compliant with the developing Long Term Evo-
lution (LTE) of the Third Generation Partnership Project (3GPP) Universal Mobile Telecommunications System (UMTS)
protocol, also referred to as EUTRA or Release-8 (Rel-8) 3GPP LTE wherein the base unit transmits using an orthogonal
frequency division multiplexing (OFDM) modulation scheme on the downlink and the user terminals transmit on the
uplink using a single carrier frequency division multiple access (SC-FDMA) scheme. More generally, however, the
wireless communication system may implement some other open or proprietary communication protocol, for example,
WiMAX, among other protocols. The present disclosure is notintended to be limited to the implementation of any particular
wireless communication system architecture or protocol.

[0019] In FIG. 1, the one or more base units serve a number of remote units within a serving area, for example, a cell
or a cell sector via a wireless communication link. The remote units may be fixed units or mobile terminals. The remote
units may also be referred to as subscriber units, mobiles, mobile stations, uses, terminals, subscriber stations, user
equipment (UE), user terminals, or by other terminology used in the art. The remote units also comprise one or more
transmitters and one or more receivers. In FIG. 1, generally, the base unit 112 transmits downlink communication signals
to serve remote unit 102 in the time and/or frequency and/or spatial domain. The remote unit 102 communicates directly
with base unit 110 via uplink communication signals. The remote units 104 and 106 communicate with the base unit (or
Macro eNB) 110 via relay node 114. A remote unit 108 communicates directly with base unit 112. In FIG. 2, a Relay
Node (RN) 202 shares the same downlink (DL) and uplink (UL) resources (frequency, time, spatial, spreading codes,
etc.) as a UE that is served by the Macro eNB 200. At the same time, the Relay acts as an infrastructure entity to serve
another UE 204 (UE2). The traffic between relay node (RN) and the base unit is known as the backhaul.

[0020] In one implementation, a relay node (RN) operating in a time division duplex mode transmits one or more
special sub-frames to an eNB. In one particular implementation, the special sub-frame constitutes part of a Type 2 frame
Structure applicable to time division duplex (TDD) mode operation specified in 3GPP TS 36.211, v8.5.0, section 4.2.
FIG. 3 illustrates a radio frame 300 divided into two half-frames comprising sub-frames 0-9. The frame structure is
comprised of a 10 millisecond (ms) Radio frame, which is in turn divided into ten sub-frames, each of 1 ms duration,
wherein each sub-frame is divided into two slots of 0.5 ms each, wherein each slot contains a number of OFDM or SC-
FDMA symbols. In one embodiment, the special sub-frame corresponds to sub-frame 1 in the radio frame. In another
embodiment, the special sub-frame corresponds to sub-frame 6 in the radio frame. And in yet another embodiment, the
special sub-frame corresponds to sub-frames 1 and 6 in the radio frame. The exemplary sub-frame locations are con-
sistent with the Uplink-downlink configurations specified in 3GPP TS 36.211, v8.5.0, section 4.2. In other embodiments
however, the special sub-frame may be located at one or more other locations with the radio frame. In FIG. 3, the 3GPP
TS 36.211, v8.5.0, section 4.2 sub-frames 1 and 6 are special sub-frames each of which is characterized by a first
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temporal region 310 comprising downlink pilot timeslot (DwPTS) information, a second temporal region 320 constituting
a guard period (GP), and third temporal region 330 comprising uplink pilot timeslot (UwPTS). In other embodiments, the
special sub-frame has various advantageous configurations to serve the backhaul between the eNB and the RN as
discussed further below. The downlink and uplink bandwidth are sub-divided into resource blocks, wherein each resource
block comprises one or more sub-carriers. A resource block (RB) is typical unit in which the resource allocations are
assigned for the uplink and downlink communications. Furthermore, the eNB configures appropriate channels for uplink
and downlink control information exchange.

[0021] In one embodiment, the special sub-frame is configured as a portion of a radio frame that includes at least one
Multimedia Broadcast multicast service Single Frequency Network (MBSFN) sub-frame. In the exemplary 3GPP LTE
Rel-8 implementation, whether the radio frame includes MBSFN sub-frames depends on the Uplink-downlink configu-
ration specified in 3GPP TS 36.211, V8.5.0 Section 4.2. For example, sub-frame 9 includes a MBSFN sub-frame in
configuration 5. An MBSFN sub-frame may be included in other sub-frames of the radio frame for other configurations.
An LTE Rel-8 TDD UE assumes the following with respect to the frame structure: MBSFN sub-frames can be any (one
or more) downlink sub-frame excluding those sub-frames numbered #0, #1, #5, #6 in a Radio Frame. The MBSFN
configuration in a radio frame is signaling by a System Information Broadcast (SIB) message.

[0022] In FIG. 4, arelay node (RN) 400 comprises a controller/processor 410 communicably coupled to memory 412,
a database 414, a transceiver 416, input/output (1/0) device interface 418 connected through a system bus 420. The
RN may implement any operating system including, but not limited to Microsoft Windows®, UNIX, or LINUX. Client and
server software may be written in any programming language, such as C, C++, Java or Visual Basic, for example. The
server software may run on an application framework, such as, for example, a Java ® server or .NET ® framework.
[0023] In FIG. 4, the controller/processor 410 may be any programmed processor known to one of skill in the art.
However, the functionality described herein may also be implemented on a general-purpose or a special purpose com-
puter, a programmed microprocessor or microcontroller, peripheral integrated circuit elements, an application-specific
integrated circuit or other integrated circuits, hardware/electronic logic circuits, such as a discrete element circuit, a
programmable logic device, such as a programmable logic array, field programmable gate-array, or the like. In FIG. 4,
the memory 412 may include volatile and nonvolatile data storage, including one or more electrical, magnetic or optical
memories such as a random access memory (RAM), cache, hard drive, firmware or other memory device. The memory
may have a cache to speed access to specific data. The memory may also be connected to a compact disc read only
memory (CD-ROM), digital video disc read only memory (DVD-ROM), DVD read write input, tape drive, or other removable
memory device that allows media content to be directly uploaded into the system. Data may be stored in the memory
orin a separate database. The database interface 414 may be used by the controller/processor to access the database.
The transceiver 416 is capable of communicating with user terminals and base stations pursuant to the wireless com-
munication protocol implemented. The 1/O device interface 418 connects to one or more input devices that may include
a keyboard, mouse, pen-operated touch screen or monitor, voice-recognition device, or any other device that accepts
input. The 1/O device interface may also connect to one or more output devices, such as a monitor, printer, disk drive,
speakers, or any other device provided to output data.

[0024] Accordingto one aspect of the disclosure, the relay node performs functionality illustrated in the process diagram
500 of FIG. 5. In one implementation this functionality is performed by a processor or controller executing instructions
such as program modules, routines, objects, components, data structures stored in memory wherein the processor or
controller performs particular tasks or implements corresponding functions. Alternatively, this functionality may be per-
formed by equivalent hard elements or a combination of hardware and software elements.

[0025] InFIG. 5, at 510, the RN transmits downlink pilot timeslot (DwWPTS) information to a user terminal (UE) in a first
temporal region of a special sub-frame. Such a UE is served by the RN. According to this aspect of the disclosure, at
520 the RN also communicates with eNB during a second temporal region of the special sub-frame. The communication
between the RN and eNB during the second temporal region of the special sub-frame may be uplink or downlink com-
munications as discussed further below. Moreover, the communication between the RN and eNB does not necessarily
occur during the full duration of the second temporal region. The second temporal region of the sub-frame is configured
as a guard period (GP) for communications between the RN and the UE. To enable a backward compatible relay design,
for example, where the backhaul and access links are compatible with the existing Rel-8 specification, the special sub-
frame configuration indicated/signaled to the UE served by the RN is one of the special sub-frame configurations specified
in 3GPP TS 36.211, v8.5.0, section 4.2. The preferred special sub-frame configuration is configuration 0 or 5 for the
normal cyclic prefix in the downlink case and configuration 0 or 4 for the extended cyclic prefix in the downlink case.
The eNB can also signal a special sub-frame configuration that may or may not be different from that of the RN - in one
example, the eNB signals the same special sub-frame configuration as the RN. The eNB may have multiple special sub-
frame in the radio frame with potentially different special sub-frame configurations - some of the special sub-frames may
be used to multiplex and serve multiple RNs while others may be used to serve UEs connected to the eNB. The uplink-
downlink configuration of the RN and eNB may same or different. In the preferred embodiment, the same uplink-downlink
configuration is used for the RN and eNB. At 530, the third temporal region of the special sub-frame is also configured
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by the RN as discussed further below. In one embodiment, the RN configures the third temporal region of the special
sub-frame as an uplink pilot timeslot for communications between the relay node and the user terminal. In another
embodiment, the RN configures the third temporal region of the special sub-frame as a guard period. The Rel-8 special
sub-frame configuration indicated/signaled to the UE served by the RN includes an uplink pilot timeslot of duration 1 or
2 OFDM symbols in the third temporal region, however, the RN can schedule no uplink transmissions (e.g., Sounding
Reference Signal (SRS), Random Access Channel Signal (RACH)) in one (e.g., second) or both OFDM periods in effect
creating a guard period in the third temporal region. Some exemplary examples are discussed more fully below.
[0026] In one implementation, illustrated in FIG. 6, the RN receives information from the eNB during a portion of the
second temporal duration of the special sub-frame. The information received from the eNB may be control information
and/or data. As noted above, the second temporal region of the special sub-frame is configured as a guard period (GP)
for communications between the RN and the UE. The configuration of the second temporal region, corresponding to the
guard period for the UE, of the special sub-frame that enables the RN to receive from the eNB is discussed below.
[0027] InFIG.6, from the perspective of communications between the UE and RN, the special sub-frame is configured
as illustrated in special sub-frame 610. Symbols 0-2 of the special sub-frame 610 are allocated to the downlink pilot
timeslot (DWPTS) 612, symbols 3-12 are allocated to the guard period (GP) 614 associated with RN/UE communications,
and symbol 13 is allocated to the uplink pilot timeslot (UpPTS) 616. This corresponds to special sub-frame configuration
0 forthe normal and extended cyclic prefix case as specifiedin 3GPP TS 36.211,v8.5.0, section 4.2. In other embodiments
more or less symbols may be allocated to the DWPTS and UpPTS than illustrated in FIG 6.

[0028] In FIG. 6, from the perspective of communications between the RN, UE and eNB, the special sub-frame is
configured as illustrated at special sub-frame 620. Symbols 0-2 of the special sub-frame 620 are allocated to the downlink
pilot timeslot (DWPTS) 622 for downlink communications from the RN to the UE. Symbol 3 is allocated to a guard period
624 during which the RN switches from transmit mode to receive mode. Symbols 4-10 are allocated for reception from
the eNB during reception duration 626. Symbols 11-12 are allocated to a guard period 628 during which the RN switches
from a configuration for receiving from the eNB to a configuration for receiving from the UE. During this guard period
628 the eNB switches from a configuration for transmitting to the RN to a configuration for receiving from the UE. Symbol
13 is allocated to the uplink pilot timeslot 630 during which the RN receives from the UE. Thus according to this embod-
iment, the RN configures the second temporal region corresponding to the guard period 614 of the special sub-frame
610 into the first guard period 624, the reception duration 626 during which the RN receives from the eNB, and the
second guard period 628.

[0029] The size of the second temporal region allocated for reception from the eNB depends on the cell size and the
transmission to reception (and vice versa) switching time. The switching times may be different for the eNB and RN.
The guard periods may also include propagation delays and/or possible required timing advance.

[0030] The operation of the eNB is analogous to that of the RN: downlink communications from the eNB to the UE
served by the eNB in a first temporal region DWPTS 612 symbols 0-2 of a special sub-frame 610; configuring the second
temporal region of the special sub-frame corresponding to guard period 614 into first guard period symbol 3, downlink
transmission to RN during Symbols 4-10, and second guard period symbols 11-12; third temporal region UpPTS 616
during which the eNB receives from its served UE.

[0031] Inone embodiment, the special sub-frame is configured as a portion of a radio frame configured as time division
duplex uplink/downlink configuration O pursuant to 3GPP TS 36.211, V8.5.0, 4.2. In one embodiment, the special sub-
frame is configured as a portion of a radio frame configured as time division duplex uplin.k/downlink configuration 5
pursuant to 3GPP TS 36.211, V8.5.0, 4.2.

[0032] In another implementation, illustrated in FIG. 7, the RN transmits information to the eNB during a portion of the
second temporal duration of the special sub-frame. The information transmitted to the eNB may be control information
and/or data. As noted above, the second temporal region of the special sub-frame is configured as a guard period (GP)
for communications between the RN and the UE. The configuration of the second temporal region, corresponding to the
guard period for the UE, of the special sub-frame that enables the RN to transmit to the eNB is discussed below.
[0033] InFIG.7,from the perspective of communications between the UE and RN, the special sub-frame is configured
as illustrated at special sub-frame 710. Symbols 0-2 of the special sub-frame 710 are allocated to the downlink pilot
timeslot (DWPTS) 712, symbols 3-12 are allocated to the guard period (GP) 714 associated with RN/UE communications,
and symbol 13 is allocated to the uplink pilot timeslot (UpPTS) 716. In other embodiments more or less symbols may
be allocated to the DWPTS and UpPTS than illustrated in FIG 7.

[0034] In FIG. 7, from the perspective of communications between the RN, UE and eNB, the special sub-frame is
configured as illustrated at special sub-frame 720. Symbols 0-2 of the special sub-frame 720 are allocated to the downlink
pilot timeslot (DWPTS) 722 for downlink communications from the RN to the UE. Symbols 3-4 are allocated to a guard
period 724 during which the RN switches from a configuration for transmitting to the UE to a configuration for transmitting
to the eNB. During this guard period, the eNB switches from a configuration for transmitting to the UE served by the
eNB to receiving from the RN. Symbols 5-11 are allocated for transmission to the eNB during transmission duration 726.
Symbol 12 is allocated to a guard period 728 during which the RN switches from transmission mode to reception mode.
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Symbol 13 is allocated to the uplink pilot timeslot 730 during which the RN receives from the UE. Thus according to this
embodiment, the RN configures the second temporal region corresponding to the guard period 714 of the special sub-
frame 710 into the first guard period 724, the reception duration 726 during which the RN transmits to the eNB, and the
second guard period 728.

[0035] The operation of the eNB is analogous to that of the RN. Downlink communications from the eNB to the UE
are served by the eNB in a first temporal region DWPTS 712 corresponding to symbols 0-2 of a special sub-frame 710.
The second temporal region of the special sub-frame is configured corresponding to guard period 714 into first guard
period symbol 3-4, uplink reception from RN during Symbols 5-11, and second guard period symbols 12. A third temporal
region includes UpPTS 716 during which the eNB receives from its served UE.

[0036] FIG. 8 illustrates an alternative special sub-frame from the perspective of communications between the RN,
UE and eNB, the special sub-frame is configured as illustrated at special sub-frame 820. According to this alternative
embodiment, symbols 0-2 of the special sub-frame 820 are allocated to the downlink pilot timeslot (DwWPTS) 822 for
downlink communications from the RN to the UE. Symbols 3-4 are allocated to a guard period 824 during which the RN
switches from a configuration for transmitting to the UE to a configuration for transmitting to the eNB (eNB switches from
a configuration for transmitting to UE served by the eNB to receiving from the RN). Symbols 5-12 are allocated for
transmission to the eNB during reception duration 826. Thus according to this embodiment, the RN configures the second
temporal region corresponding to the guard period 814 of the special sub-frame 810 into the first guard period 824 and
transmission duration 826 during which the RN transmits to the eNB without configuring a second guard period as in
FIG. 7. This configuration is possible when the RN decides to not schedule (or ignore) any uplink transmissions from
the UEs it is serving. This is facilitated by the RN not scheduling uplink SRS or RACH during this interval. Therefore,
the UpPTS region can be reclaimed for the RN to eNB communication and hence only a guard period may be needed.
Symbol 13 is allocated to a guard period 828 during which the RN switches from a configuration of transmitting to the
eNB to a configuration of transmitting to the UE. Similarly, it is possible for the eNB scheduler to schedule uplink
transmissions to make the best use of the UpPTS resources.

[0037] The operation of the eNB is analogous to that of the RN: downlink communications from the eNB to the UE
served by the eNB in a first temporal region DWPTS 812 symbols 0-2 of a special sub-frame 810; configuring the second
temporal region of the special sub-frame corresponding to guard period 814 into first guard period symbol 3-4, uplink
reception from RN during Symbols 5-12; third temporal region UpPTS 816 during which the eNB receives from its served
UE. Thus, the eNB does not configure a second guard period in the second temporal region.

[0038] In one embodiment, the possible sub-frame locations for eNB to RN and RN to eNB backhaul links for the
different TDD UL/DL configurations specified in 3GPP TS 36.211, v8.5.0, section 4.2 is shown in Table 1. Sub-frames
1 and 6 are special sub-frames. Note multiple sub-frames can be allocated for eNB to RN and/or RN to eNB links.

Table 1. Possible locations of eNB to RN and RN to eNB sub-frames.

TDD DL/UL Configuration | eNB—RN Sub-frame RN—eNB Sub-frame
1 6
0
6 1
1 6
) 6 1
9/4 (MBSFN for RN) 6
9/4 (MBSFN for RN) 1
1 6
6 1
2
8/9/3/4 (MBSFN for RN) 6
8/9/3/4 (MBSFN for RN) 1
3 7/8/9 (MBSFN for RN) 1
4 7/8/9/4 (MBSFN for RN) 1
5 7/8/9/4/3 (MBSFN for RN) | 1
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(continued)
TDD DL/UL Configuration | eNB—RN Sub-frame RN—eNB Sub-frame
9 (MBSFN for RN) 6
6 1 6
6 1

[0039] In another implementation, illustrated in FIG. 9, the RN transmits information to and receives information from
the eNB during a portion of the second temporal duration of the special sub-frame. The information communicated
between the RN and eNB may be control information and/or data. As noted above, the second temporal region of the
special sub-frame is configured as a guard period (GP) for communications between the RN and the UE. The configuration
of the second temporal region, corresponding to the guard period for the UE, of the special sub-frame that enables the
RN to transmit to and receive from the eNB is discussed below.

[0040] InFIG.9, from the perspective of communications between the UE and RN, the special sub-frame is configured
as illustrated at special sub-frame 910. Symbols 0-2 of the special sub-frame 910 are allocated to the downlink pilot
timeslot (DWPTS) 712, symbols 3-12 are allocated to the guard period (GP) 914 associated with RN/UE communications,
and symbol 13 is allocated to the uplink pilot timeslot (UpPTS) 916. In other embodiments more or less symbols may
be allocated to the DWPTS and UpPTS than illustrated in FIG 9.

[0041] In FIG. 9, from the perspective of communications between the RN, UE and eNB, the special sub-frame is
configured as illustrated at special sub-frame 920. Symbols 0-2 of the special sub-frame 920 are allocated to the downlink
pilot timeslot (DWPTS) 922 for downlink communications from the RN to the UE. Symbol 3 is allocated to a guard period
924 during which the RN switches from a configuration for transmitting to the UE to a configuration for transmitting to
the eNB. Symbols 4-6 are allocated for transmission from the RN to the eNB during transmission duration 926. Symbol
7 is allocated to a guard period 928 during which the RN switches from transmission mode to reception mode. Symbols
8-11 are allocated for reception by the RN from the eNB during reception duration 930. Symbol 12 is allocated to a guard
period 932 during which the RN switches from a configuration for receiving from the eNB to a configuration for receiving
from the UE. Symbol 934 is allocated to the uplink pilot timeslot (UpPTS) 934 for the RN to receive uplink communications
from the UE. In an alternative embodiment, the RN may receive information from the eNB during duration 926 and
transmitinformation to the eNB during the duration 930. Thus according to this embodiment, generally, the RN configures
the second temporal region corresponding to the guard period 914 of the special sub-frame 910 into the first guard
period 924, a first communication duration 926 during which the RN either transmits to or receives from the eNB, a
second guard period 928 during which the RN switch from transmit to receive or from receive to transmit, a second
communication duration 930 during which the RN either receives from or transmits to the eNB and a guard period 932.
[0042] In one embodiment, generally, the configuration of the special sub-frame will be dictated by the base station
(eNB) in a message communicated to the relay node (RN). More particularly, the eNB will indicate in a message how
the RN should configure the portion of the special sub-frame corresponding to the guard period allocated for the UE
served by the RN. The message could be a system configuration message like a system information block (SIB) or a
higher layer configuration message such as an RRC Configuration message. Generally the configuration message may
be a broadcast message or a dedicated message. Thus in some embodiments the RN receives an indication of the
configuration of the second temporal region in a system configuration message from the eNB.

[0043] The eNB and RN can communicate on the backhaul using the special sub-frames on both downlink (eNB to
RN) as well as uplink (RN to eNB). Additionally, it may be possible for the eNB to RN downlink transmissions via MBSFN-
based signaling while the uplink (RN to eNB) transmissions occur over the special sub-frames using the invention
described herein.

[0044] The eNB and RN can further cooperate with one another to improve the performance (and effectiveness of the
relays) of the system. For interference coordination, the eNB and RN can divide the time-frequency resources for
scheduling their respective UEs. Thus, the eNB and RN can use orthogonal (or nearly orthogonal) resources to mitigate
interference. Following are some possible coordination techniques: Static - eNB silences a sub-frame (or a portion of it)
by labeling it as MBSFN sub-frame or blank sub-frame (i.e. eNB transmits no signal or minimal signals) and the RN
transmits to its UE during this sub-frame duration; Semi-static - eNB silences a portion of a sub-frame (e.g. x RBs with
a time/frequency pattern) by not scheduling PDSCH in those resources and the RN transmits to its UE using those
resources. The eNB may still have to transmit the pilots, etc, but the UE may be able to rate-match around the eNB
pilots or other transmissions that cannot be turned off. This information about the interferer can be carried either in the
SIB or RRC messages or explicitly signaled to the UE. If the UE is not aware of the interference on the PDSCH, hybrid
automatic repeat request (HARQ) and additional error control can be used to recover from transmission errors; Dynamic
(using Semi-persistent scheduling) - eNB silences a portion of a sub-frame (e.g. x RBs with a time/frequency pattern)
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by not scheduling PDSCH in those resources and the RN transmits to its UE using those resources. Rather than
transmitting this information on a semi-static basis, the eNB can use the existing semi-persistent scheduling (SPS) grant
structure to allocate and de-allocate the channel resources to the RN. It is possible to send the same information via
RRC message, but this might lead to larger latency.

[0045] Inafourth possibility the RN can sense the interference by occasionally stealing resources from its transmission
or reception to make measurements. For example, an RN may decide to occasionally blank out certain sub-frames
though the UEs served by the RN may experience a slight performance degradation.

[0046] When possible, either increase transmit power by using a bigger power amplifier at the RN and/or reduce the
eNB transmit power level where the level is determined by the number of RNs served by the eNB. In another embodiment
a eNB sets its total transmit power level based on the number of RNs it serves and/or the number RNs served by adjacent
cells. In another embodiment instead of the total transmit power level the eNB sets the reference symbol power level
based on the number of RNs it services and/or the number or RNs serviced in adjacent cells.

[0047] In some cases, it might be advantageous to serve a UE via the RN even when the eNB to the UE link is better
compared to RN to UE link as the RN may be lightly loaded and hence can offer more resources to the UE. However,
the donor or macro eNB may be the significant interferer and hence the UE connected to the RN may experience difficulty
in acquiring the RN synchronization and control channels (PDCCH). One way to enable deep penetration synchronization
channels (i.e. synchronization channels are enabled that can be detected by UEs with very poor C/I) is by considering
a synchronous network, wherein the RN Radio Frames are offset by x sub-frames (e.g. one sub-frame) relative to the
eNB sub-frame. Thus, the eNB, now being aware of the synch channels of the RN, can use suitable interference mitigation
on the resources corresponding to the synch channels of the RN. For example, the eNB can puncture (i.e. not transmit
on) the Resource Elements that if transmitted on may interfere with the synch channels of the RN. This approach can
be used for other channels including the broadcast channels, etc. If RE puncturing is used, the eNB can explicitly or
implicitly inform the RE puncturing information to its UEs via the PDCCH, or higher-layered signals.

[0048] One way to enable deep penetration PDCCH is by reducing the interference caused by the dominant interferer.
The eNB can use suitable interference mitigation on the resources corresponding to the PDCCH of the RN. For example,
the eNB can reduce the load on its PDCCH by making appropriate scheduling decisions. Furthermore, for increased
penetration of RN, additional pilot signals (and > 8 Control Channel Element (CCE) aggregation) may be defined in the
PDCCH or PDSCH region to aid the decoding of both the control and data channels. Power boosting of 8CCE DCI
format 1A + Common Reference Signal (CRS) is another way to boost PDCCH coverage. Repetition of RACH and
acknowledgements (ACK) also allows for deep penetration. Channel State Information (CSl) feedback deep penetration
is enabled via interference coordination or proper scheduling.

[0049] The performance gains due to Relays are sensitive to the quality of the eNB-RN link. This is due to the fact
that the relays operate inband using resources that the eNB otherwise can use to serve the UEs. Therefore, the eNB-
RN link should be made spectrally efficient using higher-order modulation such as 64-QAM, 256-QAM, or advanced
multi-antenna techniques such as single-user multiple input multiple output (MIMO), beamforming, etc. For instance,
the Modulation and Coding Scheme (MCS) for the eNB-RN can be based upon a plurality of modulation types comprising
Quadrature Phase Shift Keying (QPSK), 16-QAM (Quadrature Amplitude Modulation), 64-QAM, 128-QAM, 256-QAM.,
etc The MCS tables for the RN may be expanded to include higher spectral efficiency values, including for e.g. 6 bits
per second per Hertz (bps/Hz), 6.33 bps/Hz, and so on upto 8 bps/Hz. The transition spectral efficiency from 64-QAM
to 256-QAM may be determined based on the simulations studies. For simplicity, additional new MCS values can be
appended to the MCS tables defined in Rel-8 to accommodate the new modulation orders. In another simple approach,
the new MCS values can replace some of the MCS values in the MCS table defined in Rel-8 so that the number of bits
used to signal the MCS index remains unchanged (e.g. in Rel-8 5-bit MCS is used). In yet another possibility, an MCS
table may be defined without MCS corresponding to QPSK modulation order. In yet another possibility, an MCS table
can be defined wherein the Modulation order associated with an MCS index is a function of one or more quantities,
including the number of allocated resource blocks, etc. It is also possible to signal the Modulation order and transport
block size separately for the eNB-RN link.

[0050] The above embodiments are applicable to both TDD and FDD systems supporting Relay Nodes, Femto-cells,
Home-NBs, and Home-eNBs.

[0051] While the present disclosure and the best modes thereof have been described in a manner establishing pos-
session and enabling those of ordinary skill to make and use the same, it will be understood and appreciated that there
are equivalents to the exemplary embodiments disclosed herein and that modifications and variations may be made
thereto without departing from the scope of the invention, which is to be limited not by the exemplary embodiments but
by the appended claims.
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Claims

1.

A relay node (114, 202, 400) for operating in a time division duplex system, the relay node comprising:

a transceiver (416) coupled to a controller (410);

the relay node (114, 202, 400) being configured to transmit downlink pilot timeslot information to a user terminal
(104, 106, 204) in a first temporal region of a special sub-frame,

the relay node (114, 202, 400) being configured to configure a first duration of a second temporal region of the
special sub-frame as a first guard period,

the relay node (114, 202, 400) being configured to communicate with a base station (110, 200) during a second
duration of the second temporal region of the special sub-frame,

the second temporal region being configured as a guard period for communications between the relay node
(114, 202, 400) and the user terminal (104, 106, 204).

2. Therelay node of Claim 1, wherein the special sub-frame corresponds to a sub-frame numbered 1 in a radio frame
comprising a plurality of sub-frames numbered 0-9.

3. Therelay node of Claim 1, wherein the special sub-frame corresponds to a sub-frame numbered 6 in a radio frame
comprising a plurality of sub-frames numbered 0-9.

4. The relay node of Claim 1, wherein a third duration of the second temporal region is a second guard period.

5. Therelay node of Claim 1, the relay node being configured to communicate with the base station (110, 200) during
the second duration of the second temporal region of the special sub-frame by either transmitting to or receiving
from the base station.

6. The relay node of Claim 1, wherein the special sub-frame is a portion of a radio frame that is configured as either
time division duplex uplink/downlink configuration 0 or time division duplex uplink/downlink configuration 5.

7. The relay node of Claim 1,
the relay node being configured to communicate with the base station during a second duration of the second
temporal region of the special sub-frame by transmitting to the base station,
the relay node being configured to configure a third duration of the second temporal region as a second guard period.

8. The relay node of Claim 1,
the relay node being configured to configure a third duration of the second temporal region as a second guard period;
the relay node being configured to communicate with the base station during a fourth duration of the second temporal
region of the special sub-frame,
the relay node being configured to configure a fifth duration of the second temporal region as a third guard period.

9. Therelay node of Claim 8, the relay node being configured to receive an indication of the configuration of the second
temporal region in a system configuration message.

10. The relay node of Claim 1, wherein a third temporal region of the special sub-frame is one of a guard period or an
uplink pilot timeslot for communications between the relay node and the user terminal.

11. The relay node of Claim 1, wherein the special sub-frame is a portion of a radio frame that includes at least one
Multimedia Broadcast multicast service Single Frequency Network, MBSFN, sub-frame.

12. The relay node of Claim 1, wherein the special sub-frame has a third temporal region.

Patentanspriiche

1. Relaisknoten (114,202, 400) fir den Betrieb in einem Zeitduplexsystem, wobei der Relaisknoten folgendes aufweist:

einen Sendeempfanger (416), der mit einer Steuereinheit (410) verbunden ist;
den Relaisknoten (114, 202, 400), der so ausgestaltet ist, dass er Downlink-Pilot-Zeitschlitz-Informationen an

10



10

15

20

25

30

35

40

45

50

55

10.

1.

12.

EP 2 409 538 B1

einen Nutzeranschluss (104, 106, 204) in einem ersten temporalen Bereich eines besonderen Unter-Rahmens
Ubertragt,

den Relaisknoten (114, 202, 400), der so ausgestaltet ist, dass er eine erste Dauer eines zweiten temporalen
Bereichs des besonderen Unter-Rahmens als erste Schutzzeit konfiguriert,

den Relaisknoten (114, 202, 400), der so ausgestaltet ist, dass er mit einer Basisstation (110, 200) wahrend
einer zweiten Dauer des zweiten temporalen Bereichs des besonderen Unter-Rahmens kommuniziert,

den zweiten temporalen Bereich, der als Schutzzeit fir Kommunikationen zwischen dem Relaisknoten (114,
202, 400) und dem Nutzeranschluss (104, 106, 204) ausgestaltet ist.

Relaisknoten nach Anspruch 1, wobei der besondere Unter-Rahmen einem Unter-Rahmen mit Nummer 1 in einem
Funkrahmen entspricht, der eine Vielzahl von Unter-Rahmen mit Nummern 0 - 9 aufweist.

Relaisknoten nach Anspruch 1, wobei der besondere Unter-Rahmen einem Unter-Rahmen mit Nummer 6 in einem
Funkrahmen entspricht, der eine Vielzahl von Unter-Rahmen mit Nummern 0 - 9 aufweist.

Relaisknoten nach Anspruch 1, wobei eine dritte Dauer des zweiten temporalen Bereichs eine zweite Schutzzeit ist.

Relaisknoten nach Anspruch 1, wobei der Relaisknoten so ausgestaltet ist, dass er mit der Basisstation (110, 200)
wahrend der zweiten Dauer des zweiten temporalen Bereichs des besonderen Unter-Rahmens durch entweder
Ubertragen an die oder Empfangen von der Basisstation kommuniziert.

Relaisknoten nach Anspruch 1, wobei der besondere Unter-Rahmen ein Abschnitt eines Funkrahmens ist, der
entweder als Zeitduplex-Uplink/Downlink-Konfiguration 0 oder als Zeitduplex-Uplink/Downlink-Konfiguration 5 aus-
gestaltet ist.

Relaisknoten nach Anspruch 1,

wobei der Relaisknoten so ausgestaltet ist, dass er mit der Basisstation wahrend einer zweiten Dauer des zweiten
temporalen Bereichs des besonderen Unter-Rahmens durch Ubertragen an die Basisstation kommuniziert,
wobei.der Relaisknoten so ausgestaltet ist, dass er eine dritte Dauer des zweiten temporalen Bereichs als zweite
Schutzzeit konfiguriert.

Relaisknoten nach Anspruch 1,

wobei der Relaisknoten so ausgestaltet ist, dass er eine dritte Dauer des zweiten temporalen Bereichs als zweite
Schutzzeit konfiguriert;

wobei der Relaisknoten so ausgestaltet ist, dass er mit der Basisstation wahrend einer vierten Dauer des zweiten
temporalen Bereichs des besonderen Unter-Rahmens kommuniziert,

wobei der Relaisknoten so ausgestaltet ist, dass er eine flinfte Dauer des zweiten temporalen Bereichs als dritte
Schutzzeit konfiguriert.

Relaisknoten nach Anspruch 8, wobei der Relaisknoten so ausgestaltet ist, dass er einen Hinweis auf die Konfigu-
ration des zweiten temporalen Bereichs in einer System-Konfigurations-Nachricht empfangt.

Relaisknoten nach Anspruch 1, wobei ein dritter temporaler Bereich des besonderen Unter-Rahmens eine Schutzzeit
oder ein Uplink-Pilot-Zeitschlitz flir Kommunikationen zwischen dem Relaisknoten und dem Nutzeranschluss ist.

Relaisknoten nach Anspruch 1, wobei der besondere Unter-Rahmen ein Abschnitt eines Funkrahmens ist, der
mindestens einen Multimedia Broadcast Multicast Service-Gleichwellennetz-(MBSFN) Unter-Rahmen aufweist.

Relaisknoten nach Anspruch 1, wobei der besondere Unter-Rahmen einen dritten temporalen Bereich aufweist.

Revendications

1.

Noeud de relais (114, 202, 400) pour le fonctionnement dans un systéme a duplexage par répartition dans le temps,
le noeud de relais comprenant :

un émetteur-récepteur (416) couplé a un dispositif de commande (410) ;
le noeud de relais (114, 202, 400) étant configuré pour transmettre une information de tranche de temps pilote
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a liaison descendante a un terminal utilisateur (104, 106, 204) dans une premiére région temporelle d’'une sous-
trame spéciale,

le noeud de relais (114, 202, 400) étant configuré pour configurer une premiére durée d’'une deuxiéme région
temporelle de la sous-trame spéciale en tant que premiére période de garde,

le noeud de relais (114, 202, 400) étant configuré pour communiquer avec une station de base (110, 200) durant
une deuxieme durée de la deuxiéme région temporelle de la sous-trame spéciale,

la deuxiéme région temporelle étant configurée comme une période de garde pour la communication entre le
noeud de relais (114, 202, 400) et le terminal utilisateur (104, 106, 204).

Noeud de relais selon larevendication 1, dans lequel la sous-trame spéciale correspond a une sous-trame numérotée
1 dans une trame radio comprenant une pluralité de sous-trames numérotées 0 - 9.

Noeud de relais selon larevendication 1, dans lequel la sous-trame spéciale correspond a une sous-trame numérotée
6 dans une trame radio comprenant une pluralité de sous-trames numérotées 0 - 9.

Noeud de relais selon la revendication 1, dans lequel une troisieme durée de la deuxieme région temporelle est
une deuxieme période de garde.

Noeud de relais selon la revendication 1, le noeud de relais étant configuré pour communiquer avec la station de
base (110, 200) durant la deuxiéme durée de la deuxiéme région temporelle de la sous-trame spéciale soit en
transmettant a la station de base soit en recevant de celle-ci.

Noeud de relais selon la revendication 1, dans lequel la sous-trame spéciale est une portion d’'une trame radio qui
est configurée soit comme configuration 0 a liaison montante/liaison descendante a duplexage par répartition dans
le temps, soit comme configuration 5 a liaison montante/liaison descendante a duplexage par répartition dans le
temps.

Noeud de relais selon la revendication 1, le noeud de relais étant configuré pour communiquer avec la station de
base durant une deuxiéme durée de la deuxiéme région temporelle de la sous-trame spéciale en transmettant a la
station de base,

le noeud de relais étant configuré pour configurer une troisi€me durée de la deuxiéme région temporelle en tant
que deuxiéme période de garde.

Noeud de relais selon la revendication 1, le noeud de relais étant configuré pour configurer une troisieme durée de
la deuxiéme région temporelle en tant que deuxiéme période de garde ;

le noeud de relais étant configuré pour communiquer avec la station de base durant une quatrieme durée de la
deuxiéme région temporelle de la sous-trame spéciale,

le noeud de relais étant configuré pour configurer une cinquieme durée de la deuxieme région temporelle en tant
que troisiéme période de garde.

Noeud de relais selon la revendication 8, le noeud de relais étant configuré pour recevoir une indication de la
configuration de la deuxiéme région temporelle dans un message de configuration du systeme.

Noeud de relais selon la revendication 1, dans lequel une troisieme région temporelle de la sous-trame spéciale
est une d’'une période de garde ou d’une tranche de temps pilote a liaison montante pour la communication entre
le noeud de relais et le terminal utilisateur.

Noeud de relais selon la revendication 1, dans lequel la sous-trame spéciale est une portion d’'une trame radio qui
inclut au moins une sous-trame de Réseau a fréquence unique de service multidiffusion de diffusion multimédia,

MBSFN.

Noeud de relais selon la revendication 1, dans lequel la sous-trame spéciale comporte une troisieme région tem-
porelle.

12
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